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HE existence of extra-retinal photo-
receptors in the brain has been sug-
gested by numerous workers, e.g., Oishi
et al. (1966) and Menaker (1968). How-
ever, microscopic examination of the pi-
neal and of the brain reveal no pigmented
photoreceptors. The suggestion that re-
tinal selenium may have an important
role as a photon receptor and energy
transformer (Aberg, 1966) suggested to
us that other neural areas may be high in
selenium. Present technological applica-
tion of the element in photocells appear
to involve only the elemental forms, and
it was thought that a general survey of
tissues for selenium concentrations with-
out regard to oxidation-reduction status
might provide a starting point for an in-
vestigation of a possible role of the ele-
ment in certain aspects of avian physi-
ology. This is a report on the relative
distribution of selenium in not only the
pineal but also in other avian tissues.
Although toxic. aspects of excess se-
lenium in animal diets have been the sub-
ject of earlier researches, evidence in the
past quarter century has been accumulat-
ing for a definite nutritional role of the
element in vertebrates. As early as 1941,
Poley et al., reported a growth response
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from feeding a diet containing 2 p.p.m.
Se to chicks. '

Implication of selenium in muscular
dystrophy and exudative diathesis and
fertility in chickens, as well as in a mus-
cular myopathy (white muscle disease) of
calves and lambs, is discussed in detail in
Selenium in Biomedicine (Muth, 1967)
and by Scott (1966), Savage (1968),
Wright and Mraz (1964) and Jensen

(1968). For a comprehensive review of

selenium, readers are referred to Rosen-
feld and Beath (1964). ‘

This report summarizes abalytical re-
sults for endogenous selenium distribution
in selected tissues of chickens, turkey and
corturnix (Japanese quail), as well as
tracer distribution of injected (intrave-
nously) 7Se.

PROCEDURE

Experiments designed to study endog-
enous selenium concentrations in chick-
ens and also 3Se distributions were carried
out in one year old White Leghorn males
(Expt. 1) and 24 week old White Leghorn
males (Expt. 2). All birds were main-
tained under uniform temperature and
light regimens for two weeks prior to
death. They received chicken breeder
pellets containing 3.42 nanogram-atoms
Se per gram (0.27 p.p.m.) for their life
span.

In exyeriments 1 and 2, both groups of
birds were killed at the first and second
half of both the light and dark periods.
The purpose was to avoid any diurnal
rhythm that may be affecting the Se con-
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tent of tissues. Thirty minutes before
death each bird was injected with 400
microcuries of "Se as H:SeQ; in 0.2 ml.
normal saline in experiment 1 and 200
1Ci. in experiment 2. The H;SeO; pro-
vided only 46 ng. Se per bird, which rep-
resented an insignificant increment of the
element to the endogenous Se of the bird.
At death, blood samples and tissues were
obtained and transferred to wvials for
counting of Se activity and for later
analysis for total selenium. Radioactivity
was measured in a deep-well gamma
counter. Total selenium was determined
by ashing and fiuorometry as described
by Watkinson (1966).

The results of experiments 1 and 2 with
Leghorn males indicated a need to under-
take a comprehensive survey of selenium
distribution in tissues of additional spe-
cies, both male and female. For the pur-
pose chickens, turkeys and coturnix were
reared and maintained under standard
conditions, and the Se concentration of
various tissues and organs measured
(Expt. 3). Additional turkey and coturnix
were killed in experiment 4 to provide
more samples of pineal; pituitary and eye
for analysis.

Tissue samples taken from each bird at
death were weighed and stored on dry ice
until analyzed. Samples of blood, cere-
bellum, cerebrum, diencephalon, kidney,
liver, spleen, ovary, magnum, pancreas,
pectoral muscle, feces and crop content
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weighing approximately 300 mg. were
taken from each bird. Because of the
small size (about 5 mg.) several samples
of pineals and pituitaries were pooled to
provide a sufficient amount of tissue for
analysis. Samples of the feed and water
were analyzed also for Se content. Avail-
able eggs were separated into shell, yolk
and albumen for Se analysis. The entire
eyes of turkeys and coturnix were an-
alyzed without separation into parts. The
turkey and coturnix diet contained 4.25
nanogram-atoras Se per gram (=0.35
p-p-m.) and the chicken diet contained
3.42 nanogram-atoms Se per gram (=0.27
p-p.m. Se). The drinking water had
5.0 nanogram-atoms Se/liter ,(=0.0004
p.p.m. Se).

Statistical treatment consisted of anal-
ysis of variance and Scheffe’s test (1953).

RESULTS AND DISCUSSION

Endogenous selenium concentration: A con-
siderable variation was found in the con-
centration of endogenous selenium in the
tissues of male chickens one year old
(Table 1a) versus 24 weeks old (Table 22),
however the trend of the data was similar.
In both trials selenium concentration was
much higher in the pineal than in blood
or other tissues. Absolute concentration
rankings varied between experiments as
follows: pineal>kidney>blood>liver>
cerebellum (Expt. 1), and pineal>kidney
> liver> blood > cerebellum (Expt. 2). The

Tasie la.—Endogenous selenium content in yeor old Leghorn males’ tissue* (Experiment 1)

Cerebellum

Liver Blood Kidney Pineal

¥resh tissue

3.5 (19 6.3 (19 8.0 (18 8.6 (19 51.0 (19

Distribution ratio organ Se/blood Se .44 (18)

.79 (18) 1.08 (18) 6.38 (18) .

1 Mean values are expressed ‘as ng.-atoms Se/g. of fresh tissue and as the ratio of argan to blood Se.
The number of samples is enclosed in parentheses. Mean values connected by a continuous underline are

not statistically significant at probability level of 0.05.
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TaBLE 1b.~Tracer™ selenium localization in year old Leghorn males’ tissue' (Experiment 1)

Pineal

Cerebellum Bloed Liver Kidney
" Fresh tissue 05 (19) .57 (19) 1.14 (19) 3.4 (19) 4.3 (19)
Organ "Se/blood #Se .09 (19) 2.0 '(19) 6.0 (19) 7.6 (19)

! Mean values are expressed in counts 10~%/min./g. of fresh tissue and as the ratio of organ to blood ™Se.
The number of samples is enclosed in parentheses. Mean values connected by a contmuous underline are

not statistically significant at probability level of 0.05.

reversal of order of ranking between liver
and kidney in the two experiments is not
considered significant.

The distribution ratio (D) of endog-
enous tissue selenium concentration to
endogenous blood selenium concentration

tissue Se
(o2
- blood Se
again ranks the pineal significantly higher
than other tissues studied in both experi-
ments. The high concentration in the ex-
cretory organs agrees with Hartley (Muth,
1967). The very low ratio for cerebellum
(D <1) suggests an effective blood-brain
barrier.

The locahzatlon of ™Se in the tissues
following injection of tracer amounts
was rather uniform in both experiments
(Tables 1b and 2b). The concentration in
the liver and kidney was significantly
higher than in blood, pineal or cerebellum.

These results are in agreement with the
results of Wright and Bell (1964) with

sheep and Wright and Mraz (1964) with

chickens, but they differ in some detail
from results reported by Jensen e! al.
(1963}, with young chicks. The latter
found the highest values in blood, fol-
lowed in order by the spleen, kidney and
liver. The role of the liver and kidney may
be associatéd with either metabolism and/
or elimination of selenium, The distribu-
tion ratio of tracer amounts of "Se was
again less than one for the cerebellum,
indicating that this neural tissue is not a
select area of locahzatlon in. contrast to
the pineal.

The results of a more extensive survey
(Expt. 3) of endogenous selenium’ con-
centrations in a wvariety of organs and
tissue of turkeys and chickens and a
limited number (Expt. 4) of organs of
coturnix are presented in Tables 3 and 4,

' re‘spéctively' The spleen, pancreas, and

ovary of all three species had a higher
selenium concentration than did the
blood, but was-less than that of pituitary,
kidney and liver. Other organs and ftis-
sues contained similar concentrations of

TaBLe 2a.—Endogenous seleniumn content in 24 week old Leghorn males’ tissuel (Experiment 2)

Cerebellum Blood Liver Kidney Pineal
Fresh tissue 3.51 (27) 4.16 (28) 9.30 (27) 11.8 (28) 238.0 (26)
Distribution ratio organ Se/blood Se .84 (27) 2.24 27) 2.84 (28)

57.2 (26)

1 Mean values are expressed as ng.-atoms Se/g. of fresh tissue and as the ratio of organ to blood Se.
The number of samples is enclosed in parentheses. Mean values connected by a contmuous underline are

not statistically significant at probability level of 0.05.
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TasLe 2b.—Tracer Bselenium localization in 24 week old Leghorn males’ tissue (Exgeri;nml Z)A
Cerebellum Blood Pineal Kidney Liver
Fresh tissue .02 (28) .17 (28) .42 (260 1.08 ( 28) R 2! (28)
Distribution ratio organ ®Se/blood Se .12 (28) 2.47 (26)

6.36 (28) 10.09 (28)

1 Medn values are expressed in counts 107%/min./g. of fresh tissue and as the ratio of organ to blood %Se.
The number of samples is enclosed in parentheses. Mean values connected by a continuous underline are
not statistically significant at probability level of 0.05. :

selenium to that of blood. The Se content
of the pineal was higher than blood in
turkeys and chicken but not in coturnix.
These comparisons are somewhat mislead-
ing for the dry matter percentage of tis-
sues are higher than those of blood.

Selenium concentration of crop con-
tents and feces were similar for turkey,
1.6 and 1.6 nanogram-atoms Se/gm., re-
spectively, and 0.9 and 1.0 panogram-
atoms Se/gm. for chicken. These concen-
trations bear a direct relation to the sele-
nium content of the feed and water.

A limited number of analysis of eggs of
chickens and quail were done (Table 3).
In each case the yolk had the highest
selenium concentration, with that of al-

bumen and shell insignificantly lower.
Taussky et al. (1963) reported values (re-
calculated by us) to be 5.13 nanogram-
atoms Se per gram fresh egg yolk and
1.27 nanogram-atoms Se per gram for
albumen. Our values of 6.7 and 7.9 for
yolk and 1.3 and 1.8 for albumen are in
good agreement with theirs. Hadjimarkos
and Bonhorst (1964) reported the sele-
nium contents of yolk and albumen to be
in the ratio of 6.3 to 1. Our data gives a
ratio of 5.1 to 1 for chicken egg and 4.65
to 1 for quail eggs. Using neutron activa-
tion for dried egg yolk, McConnell and
Wabnitz (1964) obtained a concentration
valued (recalculated by us) of 15.9 nano-
gram-atoms Se per gram dry matter. If

TaBLE 3.—Comparison of endogenous selentum concentrations found in aduli female chicken,
turkey and coburniz paris (Experiment 3)

Nénogram-atoms Se/gram weight

Part

No. Chicken No. Turkey No. Coturnix
Blood 5 2.3+1.0 [(C))] 2.1+0.3 (10) 5.840.4
Pineal “4)* 16.0 - 4)* 4.6 (28)* 4.8
Pituitary (5)* 14.7 {5y* 12.4 (12)* 14.0
Kidney (5) 8.2+1.3 (5) 013.6+1.7 (10) 18.94+0.6
Spleen (5) 6.84+0.5 (5) 8.9+6.1 - (10) - 12.0+0.6
Liver (5) 6.0+0.8 (5) 10.14-0.1 (10) 11.24+0.9
Pancreas (5) 4.6+0.6 (5) 6.3+£0.5 (10) 15.9+0.9
Magnum (5) 3.6+0.5 (5) 2.3130.1 (8) 4.440.6
Cerebrum [©)] 2.9+0.6 (5) 2.9+0.9 (10) 4.54+0.7
Diencephalon (5) 2.84+0.4 (5) -2.430.1 9) 3.940.2
Cerebellum %) 2.7+0.3 o) 3.8£0.8 (10) 4.7+£0.6
Ovary (5) 2.3%0.5 (5) 4.6%0.1 {10) 6.2+0.4
Pectoral 5 2.2+0.2 (5) 2.4+0.6 (10) 3.8+0.2
Feces (5) 1.0+0.5 (5) 1.6+0.1 (10) 2.5+0.3
Crop Contents (5) 0.9+0.3 4) 1.6+0.1 — — —
Egg yolk ) 6.7 (5) 7.9+1.9
Egg albumen (2) 1.3 {5) 1.7+0.4
Egg shell 2 0.85 ) 1.84£0.3
Ration 3.42 4.25 4.25

* Number of individual samples of pineal and pituitary pooled to provide sufficient material for analysis.
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‘TABLE 4. —Selentum conceniralions of pineal,
mtmtary and eye of turkey and coturniz*

(Exberiment 4)
Turkey & Coturnix 9
Fresh tissue -
No. ng.-atomsSe/g. No. ng.-atomsSe/g.
- Pineal (23)  6.26 (48)  6.51
Pituitary (36) 10.09 (25) 3.85
- Eye, right (!9) 0.914 07 (20} 1.51£.18

1 Anal{sw of pineal and pituitary are means based on two or
_more pooled samples. The eyes from individuals in Experiment 3
are ::}c:mbmed with those of Experiment 4 and summarized
together,

we assume that the moisture content of
egg yolk is 489, we calculated this to be
8.3 nanogram-atoms Se per gram of fresh
yolk as compared to our fresh matter
basis values of 6.7 for chicken and 7.9 for
coturnix egg yolk.

The concentration of selenium in the
blood of laying chickens (Table 3) was
considerably lower than that obtained in
male chickens (Table 1a and 2a}. Whether
this reflects a true sexual difference or a
physiological drain related to egg produc-
tion or other factors requires further
study. The concentration of selenium was
greatest in the blood of coturnix, as well
as the reproductive organs of this species.

“Selenium concentration in the pineal
(Tables 1, 2, 3 and 4) was highly variable
among species, and its endogenous con-
centration was consistently the highest
value of all tissues examined in' the chick-
en (Tables 1a, 2a, and 3). The laying
chicken had the lowest concentration and
males the highest. This may suggest that
selenium in the pineal is highly labile and
perhaps subject to flux resulting from
environmental or other variables not con-
trolled in these studies.

Pituitary selenium concentrations were
high in all 3 species (Tables 3 and 4), and
did not vary among 5 sets of data ob-
tained from the 3 species.

Selenium concentrations of whole eyes
(right) of turkey and coturnix are pre-
sented in Table 4. Concentration of se-
lenium in the eye of coturnix was greater
than that of the turkey. For comparison,

MCcCFARLAND, WINGET, WILSON AND JOHNSON

‘the value of 0.19 mg. per gram fresh eye

for chickens reported by Taussky et al.
(1966) recalculated to our units gives a
concentration of 1.2 ng.-atoms per gram
(=0.095 p.p.m.) a value intermediate be-
tween the turkey and coturnix. We did
not separate the eyes into component
parts, as did Taussky et al. (1966), who
reported that the iris. contained the
highest concentration, the retina and lens
a large concentration, and the sclera,

- cornea, aqueous and vitreous humor the

smallest concentration of selenium. Siren
(1964) reported that the retinae of tern
and roedeer contained 630 to 810 p.p.m.
of selenium on a dry weight basis {re-
calculated by us to be about 1,000 nano-
gram-atoms/g. fresh weight). He related
these high concentrations of selenium to
the very good visual acuity of these spe-
cies. The significance of retinal selenium
and its role as a photon receptor and

‘energy transformer has been discussed by

Aberg (1966). Based on low and variable
results for selenium” concentration in
the human eye, Christian and Michaelis
(1966) suggested that selenium probably
plays no role in the visual process. Thus,
the role of seleniim in the visual process
and neural physiology is ambiguous.

SUMMARY

Endogenous selenium concentrations in
selected tissues of chicken, turkey and

_ coturnix are presented. The selenium con-

centration for laying chicken organs and
tissues were variable and in decreasing
order as follows: pineal, pituitary, kidney,
spleen, egg yolk, liver, pancreas, mag-
num, cerebrum, diencephalon, cerebellum,
blood, ovary and pectoral muscle. The
order for turkey organs was similar ex-
cept that for pineal which was much
lower and similar in concentration to the
ovary. In coturnix the order was similar
except the pineal had a very low concen-
tration of selenium similar to the cere-
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“bellum and the pancreas had a high con-
centration exceeding that of the pituitary.

Distribution of tracer “Se in various
chicken organs 30 minutes after injection
found the greatest amounts in the liver
and kidney, followed by pineal and by
small amounts in the cerebellum. This
ranking remained the same when the oc-
currence of ®Se in tissues was expressed
as the ratio to that of blood. Although
species variations exist, selenium appears
to concentrate in glandular organs (pineal,
pituitary, pancreas), and in detoxifying
and excreting organs (kidney, liver,
spleen), which are generally characterized
by some form of protein synthesis. A
blood-brain barrier probably accounts for
the general low levels of selenium found
in diencephalon, cerebrum and cerebellum.

Selenium concentrations in chicken and
coturnix eggs approximated that of the
liver. Selenium in eyes of turkey and
coturnix was low, similar to that reported
in chickens.
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